Passive-protection tests were conducted in mice with antisera from rabbits immunized with formalinized or heat-killed cells or with an alcohol-precipitated fraction from the slime layer. Protection was conferred by antisera against the heatstable antigens and correlated well with agglutinin levels. Specificity was found to relate closely to the heat-stable "O" serotypes as defined by Verder and Evans.
The serological heterogeneity of Pseudomonas aeruginosa has long been recognized, and several serological schemata have been proposed (14, 30) . Most investigations dealing with immunologic protection, however, have been restricted to studies with one or, at most, a few strains. With the exception of the reports by Fox and Lowbury (11), Markley and Smallman (24) , and of Fisher and co-workers (10) , the relationship of protection to serological type has therefore in general received only limited appraisal. The work to be described herein stems from the successful isolation of a protection-inducing factor apparently present in the slime layer. The heat-stable nature of this fraction suggested a relationship to the heat-stable "somatic" antigens used by Verder and Evans (30) and by Habs (14) and others in the classification of P. aeruginosa. The present report explores the association of the protective components to the Verder those outlined by Verder and Evans (30) . However, although the bulk of the present experiments were conducted in accordance with their recommendations, we have obtained antisera of suitable titer by a single subcutaneous inoculation of a mixture of Freund's incomplete adjuvant and heat-killed cells, with titers reaching a miximum around 8 to 10 days postinoculation. Rabbits were exsanguinated within 2 to 3 days of reaching peak titer since agglutinating antibody levels often dropped precipitously soon after maximum titer was achieved. "Booster" inoculations appeared to maintain titers for more extended periods but did not usually produce a significant elevation above the original peak titer. A large percentage of the rabbits did not respond to either regimen.
Tube dilution tests. Antigens for tube dilution tests were prepared from broth cultures (30) at 100 C, (iii) 2.5 hr at 100 C, or (iv) autoclaving (120 C) for 2.5 hr. Each antigen was inoculated into one rabbit via the subcutaneous route (0.5 ml of culture plus 0.5 ml of incomplete Freund's adjuvant) and into a second via the intravenous route (0.25 ml of suspension on day 0; 0.5 ml, day 4; 1.0 ml, day 8; 1.5 ml, day 12; 2.0 ml, day 16). Serum samples, obtained prior to inoculation and on every second day through day 18, were tested for the presence of agglutinins against formalinized and heat-killed cells. All animals responded to both regimens of inoculations and to all of the antigenic preparations, with peak titers at 6 to 8 days. However, response to the suspensions autoclaved for 2.5 hr was poorer (1:40 to 1:60) than that obtained with cells treated at 100 C or formalinized (1:640 to 1:2,560), and the duration of the response was shorter. This was attributed to a partial destruction of the immunizing component, since noticeable clearing of the suspension occurred after autoclaving.
The protective activity of these antisera was determined in mice challenged with the homologous organisms (Table 1) . None of the sera obtained previous to immunization afforded significant protection. A concurrent rise in protective activity and agglutination titer against both the heat-killed and formalinized cells was noted in all animals, with maximum activity observed from 8 to 12 days. However, when antisera were absorbed with heat-killed cells, the agglutination titer against formalinized cells remained Heat-killed cells 20 1,280 1,280 2,000 (100 C, 2.5 hr)
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b Absorbed with heat-killed cells (1 hr, 100 C). c Absorbed with alcohol-precipitated fraction.
high (rabbit no. 2) but protection was essentially eliminated. It is also interesting to note that the preimmunization serum of rabbit no. 8 contained a high level of agglutinins against the formalinized antigen, although it did not afford protection. Similarly, when antiserum produced by subcutaneous inoculation of the alcohol-precipitated fraction from the slime layer (5) was absorbed with heat-killed cells (rabbit no. 17), the protective activity was effectively removed. In like manner, absorption of antiserum against whole cells with the alcohol-precipitated fraction simultaneously reduced protective capacity and agglutinating activity against the heat-stable antigen. It was seen from these results that agglutinins against heat-labile factors (e.g. antiflagellar antibodies) did not appear to play a major role in protection; conversely, removal of antibodies directed against heat-stable antigens markedly reduced protective activity. These findings also indicated a direct relationship of agglutination titer against heat-killed cells to level of protection. To explore this relationship further, the protective activity of antisera from rabbits immunized with alcohol-precipitated fractions from strains of various phage types was determined, and the results were plotted against the titer to heatkilled cells (Fig. 1) .
In general, sera with agglutination titers of less than 1:40 failed to provide a significant degree of protection, whereas, with some exceptions, those sera having a titer of 1:40 or greater afforded protection roughly in relation to titer.
Studies were also conducted on sequential sera from rabbits immunized with either heatkilled organisms or the alcohol-precipitated fraction. The results of three of these rabbits are shown in Fig. 2 . Although none of the sera prior to immunization provided protection, samples obtained from all three rabbits on the 4th day after inoculation showed elevated agglutination and protection titers. In rabbit C, followed for 25 days, these activities remained elevated until the 14th day, after which a decline in both agglutination and protection was noted.
Protection in relation to Verder and Evans "somatic" antigen serotypes. Rabbits were immunized with heat-killed (2.5 hr, 100 C) suspensions of 12 Lawson) were not sufficiently mouse-virulent, even after repeated animal passage, to permit their use in protection tests.
All mice were challenged with approximately 50 LD50, virulence of the organisms having been determined immediately prior to the experiment and in most instances confirmed by a simultaneous LD50 titration. An organism was not considered sufficiently virulent if the LD50 values exceeded 2 X 106 organisms in saline via the intraperitoneal route. By rapid passage through normal mice, virulence could be enhanced to varying degrees, so that the LD50 values would range from 105 to 106 organisms.
Due to scarcity of materials, the lowest dilution of antiserum used was 1 :10, and, since each mouse received only 0.25 ml, the minimum ob- The results of passive cross-protection tests with 10 strains and 13 antisera are seen in Table  2 , in which agglutination titers of less than 1:20 and protective values of less than 40 ED50 units per ml are noted as negatives. A high degree of strain specificity was evident in most instances. Thus, marked protection against a particular strain was usually provided only by antisera produced specifically against the challenge serotype. Some instances of minor protection against serologically unrelated strains were observed, particularly when strain 1369 was used for challenge. The failure of such sera to agglutinate this strain, coupled with the fact that homologous antisera afforded a much higher level of protection, suggests that these results may be more apparent than real. Similarly, in a few instances, agglutination of heterologous strains was noted, usually in the absence of any significant degree of protection. Again, compared to the titers seen with homologous serum, these reactions were of a low order of magnitude. On the other hand, the crossreaction and cross-protection evident among strains 2243 and 359 (Verder and Evans, group I) and G2312 (Verder and Evans, group X) were to be expected, since they share one or more heatstable antigens (30) .
Similar agglutination and protection tests were conducted with antisera against Habs strains 4, 7, and 10. However, our results showed a close similarity, both in vitro and in vivo, of these strains to Verder and Evans groups I and X. Since they did not conform to the description of these strains in the literature (27) , it was assumed that an error in labeling had occurred, and their identity was not considered sufficiently reliable to warrant inclusion.
Antiserum produced against a given strain afforded essentially the same level of protection against other strains of the same serotype. An example of this is given in Table 3 , from which it can be noted that antisera against four strains of diverse origin but having the same 0 serotype afforded excellent cross-protection among these strains.
DISCUSSION
Although specificity of the protective response against P. aeruginosa has been noted in the literature (1, 11, 16) , most investigations in this area have dealt with only one strain or at most a very limited number (16, (21) (22) (23) (24) (25) (26) . Similarly, in attempts to evaluate the prophylactic or therapeutic effects of convalescent plasma or of human gamma globulin (6) (7) (8) 29) , the importance of strain specificity has not been properly explored, in spite of the fact that Fisher (9) clearly demonstrated marked variation in protective activity of human gamma globulin against different strains.
The relationship of protection to serotypes has also been obscured by the use of formalinized organisms as antigens in attempts to relate protection to the level of agglutinins in antisera (15, 16) . Further confusion has resulted from attempts to correlate protection with the occurrence of antibody to the lipopolysaccharide used by Gaines and Landy (12) to demonstrate occurrence of antibodies against Pseudomonas in the sera of normal individuals. Although the presence of antibody to this fraction may be interpreted as evidence of widespread experience of humans with this genus, the findings of Graber et al. (13) indicate that this "native" hemagglutinin lacks protective activity. The heat-stable nature of the protective fraction suggested a possible relationship to the heatstable 0 antigens used by Verder and Evans (30) and by Habs (14) in establishing their serologic schemata. The present findings confirm the lack of protection of antisera which were depleted of antibodies against the heat-stable components by absorption but which retained a high level of agglutinins against formalinized cells. Conversely, the level of agglutinating antibodies against heatkilled cells was seen to reflect the ability of sera to confer passive protection. Furthermore, the association of protection to the Verder and Evans 0 serotypes appear consistent, inasmuch as significant protection was achieved essentially only with antisera directed against the homologous type. The cross-protection among strains belonging to Verder and Evans serogroups I and X is attributable to the fact that such strains share heatstable antigenic components (30) .
On the surface, the present findings appear to be in conflict with the report by Fisher and colleagues (10) to the effect that immunization of mice with whole-cell vaccines prepared with Verder and Evans serotypes produced erratic results, with marked cross-protection frequently evident against serologically unrelated strains. Markley and Smallman (24) obtained results which on cursory observation appear similar to those of Fisher et al. However, cross-protection among serologically unrelated strains was observed only when burned mice were challenged 2 to 3 days after immunization. On the other hand, Markley and Smallman (24) state that when "vaccines were injected at intervals of 16, 13, 10, and 7 days prior to the tail burn, rather than 3 and 2 days prior, only the specific vaccine significantly protected against the P. aeruginosa 180 challenge at 4 hr post-burn." The resistance achieved by inoculation of the organisms 2 to 3 days prior to challenge is thus very likely attributable to the well-recognized nonspecific rise in resistance after a sublethal endotoxinlike stimulus. The nonspecific nature of the response is illustrated by the fact that the level of protection achieved against E. coli and Proteus mirabilis was of a magnitude equal to or greater than that obtained against strains ofP. aeruginosa serologically unrelated to the organism used for immunization. Since in the experiments with Verder and Evans serotypes, Fisher and co-workers challenged "within one week," it is not clear whether the resistance observed against heterologous strains may have been at least partly attributable to persisting nonspecific factors.
However, in support of these investigators, reference should be made to the work of Jones (15) , who found that active immunization of mice with an antigenic fraction from one serological type induced substantial cross-protection against a serologically unrelated strain. The conclusion that protection was achieved against a third strain is less tenable on the basis of the data cited. Furthermore, it should be noted that the challenge level used by Jones was (6-8, 13, 20, 29) . The recent work of Alexander et al. (2) is in accord with this conclusion since, in their experience, a direct relationship existed between antibody titer against a specific serotype and resistance in burn patients to invasive infection with that serotype.
